itating particles, including highly relativistic galactic protons, energetic solar protons, and relativistic magnetospheric electrons, can significantly perturb upper stratospheric chemistry at high latitudes, the expected effects at lower latitudes are relatively small [Garcia et al., 1984 ; for a review, see Jackman, 1991]. It remains possible that relativistic electron precipitation may be important for the polar odd nitrogen budget with derivative effects at lower latitudes [Thorne, 1977; Baker et al., 1987; Callis et al., 1991] . However, the calculated middle atmospheric energy deposition depends sensitively on angular electron flux measurements near geosynchronous orbit and no final consensus on the magnitude of their contribution has yet been reached [Jackman, 1995] . Thus there is not yet any definite confirmation of early proposals that the solar cycle variation of stratospheric ozone and temperature may be direct consequence of particle precipitation effects derman and Chamberlain, 1975; Crutzen et al., 1975; Zerefos and Crutzen, 1975] .
Solar UV variations at wavelengths less than 242 nm directly modify the rate of photodissociation of molecular oxygen in the upper stratosphere and, hence, the rate of production of ozone. Unlike particle precipitation effects, direct solar UV effects are most pronounced at low and middle latitudes where photolysis rates are greatest. Current estimates for the change in solar UV irradiance near 200 nm from solar minimum to maximum are in the range of 6 to 10% [Donnelly, 1991 The solar cycle variation of ozone mixing ratio at different levels in the stratosphere has been investigated statistically using 11.5 years of Nimbus 7 solar backscattered ultraviolet (SBUV) data by Hood et al. [1993b] and using 15 years of combined SBUV and National Oceanic and Atmospheric Administration (NOAA) 11 SBUV/2 data by Chandra and McPeters [1994] . According to these observational studies based on the SBUV and SBUV/2 data, the global mean solar cycle ozone change is a maximum of 4 to 7% near 2 mbar (about 45 km altitude) and decreases rapidly with decreasing altitude to negligibly small values by 6 mbar (about 35 km altitude). In contrast, two-dimensional model calculations employing realistic solar spectral irradiance changes and accounting for temperature feedback effects predict a maximum percentage ozone increase between solar minimum and maximum of 1.5 to 2.5% between 3 and 6 mbar, decreasing to values less than 1.5% below 20 km altitude [Brasseur, 1993; Huang and Brasseur, 1993; Fleming et al., 1995; Haigh, 1994] . A further dilemma arising from the SBUV-SBUV/2 analyses is that the apparent solar cycle variation of the ozone column in the upper and middle stratosphere is much less than what is needed to explain the observed amplitude (1.5 to 2%) of the total ozone solar cycle variation (see section 2). This is also in contrast with two-dimensional model calculations which predict a much larger contribution to the solar cycle total ozone variation in the middle stratosphere than is observed. The correlation is a maximum near 30øN and within a broad longitude sector extending from approximately 150øE to 330•E longitude. By geostrophic and thermal wind relationships, the solar-correlated height field variations imply corresponding temperature and wind field differences between solar minimum and maximum. Because the ozone photochemical lifetime is long compared to dynamical timescales in the lower stratosphere, the wind field differences could contribute significantly to the solar cycle variation of total ozone through changes in the rate of ozone dynamical transport.
Although it has not yet been established how changes in solar ultraviolet flux (or other solar-related parameters) can modify lower stratospheric dynamics, some progress in this direction has been made. It was originally speculated by Hines [1974] that direct solarinduced changes in upper stratospheric zonal mean dynamics could modify the transmission-reflection properties of upwardly propagating planetary waves, thereby producing indirect dynamical changes in the lower strato sphere and upper troposphere. In the upper stratosphere, it is expected theoretically that solar UV heating and ozone concentration changes between solar minimum and maximum will result in zonal wind perturbations, especially under winter solstice conditions at midlatitudes where the latitudinal gradient of UV heating is a maximum [e.g., Haang and Brassear, 1993; Hood ½t al., 1993b]. According to present models, the wind increases from solar minimum to maximum are relatively small (<< 5 m/s). Observationally, there is evidence for a zonal wind variation from solar minimum to maximum near the stratopause in December at northern midlatitudes and in June/July at southern midlatitudes [Kodera and Yamazaki, 1990; Hood et al., 1993b] . However, the observed stratopause wind variations are much larger in amplitude than expected theoretically (e.g., 23
-4-9 m/s in December at i mbar, 45øN) and are not hemispherically symmetric [Hood et al., 1993b] . It has been argued that this unexpectedly large upper stratospheric wind variation requires a positive feedback due to wave mean flow interactions such that the planetary wave drag on the flow is reduced under solar maximum conditions [Hood et al., 1993b] .
As reviewed by Kodera [1993] , most theoretical investigations of the Hines mechanism applied linear models and obtained little or no evidence for significant effects of upper stratospheric wind field changes on planetary waves at levels below 30 km [Bates, 1977 [Bates, , 1980 1994]. It is therefore possible that these processes combined with the observed solar cycle variation of ozone in the stratosphere may produce secondary feedbacks at lower stratospheric levels that would not be anticipated with existing numerical circulation models.
In this paper a more quantitative understanding of the apparent solar cycle variation of total ozone is sought with the help of several relevant long-term data sets. Of special interest is the question of whether changes in lower stratospheric dynamics (and, hence, ozone advection) from solar minimum to maximum may play a substantial role in driving the solar cycle variation of total ozone. In section 2, a brief review of evidence from SBUV-SBUV/2 data for a solar cycle variation of global mean ozone is presented and the contributions to the total ozone variation from different stratospheric pressure ranges are estimated. In section 3, a multiple regression statistical model is applied to determine the latitude, longitude, and seasonal dependences of the solar regression coefficient for a series of relevant stratospheric quantities. Evidence is obtained for similarities between the geographic dependences of the calculated total ozone solar regression coefficients and those for lower stratospheric geopotential height and temperature. In section 4, a perturbation mechanistic ozone transport model is applied together with the geopotential height solar regression coefficients to estimate the amplitude and latitude dependence of the dynamically forced solar cycle total ozone variation. This model-derived ozone variation is then compared with that derived from the available satellite ozone data to evaluate quantitatively the extent to which dynamical transport changes can account for the observed solar cycle total ozone variation. 
Statistical Analysis of the Lower Stratospheric Variation
Given the evidence presented above that a large majority of the apparent solar cycle variation of total ozone occurs in the lower stratosphere, it is of interest to investigate statistically the characteristics of this variation and whether there is a corresponding variation of other relevant lower stratospheric physical quantities (temperature, geopotential height). As discussed in the In- In the remainder of this section, the apparent lower stratospheric solar cycle variation is characterized further by analyzing statistically a series of relevant data sets. Specifically, multiple regression methods will be applied to estimate the latitude, longitude, and seasonal dependences of the solar component of total ozone, lower stratospheric temperature, and lower stratospheric geopotential height variability. In the case of ozone, we consider both zonal mean Version 6 SBUV-SBUV/2 total ozone data (described in the previous section) and 
12); Xc2,o(t)is a time series representing the tropical quasi-biennial oscillation (QBO); L is the optimum phase lag between Xc2Bo(t) and Y(t); XstrN is a time series representing solar variability (no phase lag is assumed); e(t) is a residual error term
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Conclusions
On the basis of satellite ozone profile and total ozone data covering a 15-year period, it has been inferred that a large majority of the apparent solar cycle variation of global mean total ozone occurs in the lower stratosphere (pressures > 16 mbar). Multiple regression statistical studies of lower stratospheric temperature and geopotentiM height data yield evidence for a solar cycle variation of these physical quantities with geographic and seasonal dependences that are similar to those of total ozone. These similarities suggest that changes in 
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